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Separate sheet 2 
Translation of relevant part of 
Japanese technical book "Kin-Sekigai Bunseki-Hou 
Nyumom" (A Primer for Near-Infrared Spectrometric 
Analysis Method) 

published on 10th September. 1994 
edited by Mutsuo Iwamoto et al 
issued from Saiwai Shobo 

§ 3.4 Near-Infrared Spectrum 

-3-4-1 Determination of Spectrum 
Fig. 3-5 (on page 50) 

typical manners of spectrum determination are 

illustrated for permeative (1) and reflexive 
techniques (2) . . . . 

Fig. 3.6 (on page 51) 

influence of different ceramic plates (A and 

B) as the sample holder on the NIR absorbance spectral 
chart of powdered wheat sample is illustrated 

-3.4.2 Factors having Influence on NIR Spectrum 
(1) Particle size (on page 51) 

Many physical properties of the sample, such as 
the average particle size, particle size distribution, 
packing density in the sample cell and so on have 
influences on the spectrum by light scattering. 
Particle size of cereals, such as wheat etc., may be 
influenced by, for example, material quality. 



constituent substances and so on, even for samples 
pulverized under identical conditions. Spectrum shift 
by particle size for wheat powder is illustrated in 
Fig. 3.7, in which absorbance shift of NIR spectra for 
coarse, mildly coarse and fine particle products is 
shown - 

(2) Temperature (on page 52) 

Temperature has influence on the absorbance for 
the 0-H bond of water molecule. When temperature is 
elevated, spectral peak intrinsic to water will be 
shifted to the side of shorter wave length. 

(3) Color of the sample (on page 52) 

Since pigments, such as chlorophyll and 
carotenoid, have intrinsic absorbance band in near- 
infrared region, samples with colors different from 
that of the samples for calibration may have problems. 

-3,4.3 Near-Infrared Spectrum 

Fig. 3.8 illustrates spectral charts for soybean 
(b) and rice (r) as well as the constituent substances 
thereof, such as water (w), protein (p), lipid (o) and 
starch (s). As seen, spectrum peaks for the constituent 
substances can be seen also for the spectra of soybean 
and rice. The absorbance band at 1938 nm corresponds 
to water molecule. The absorbance band at 2100 nm is 
based on starch which is shown in a more slight 
intensity for soybean having lower content of starch. 
The absorbance bands at 2180 nm for protein and at 2305 
nm for lipid are clearly indicated for soybean which 
has higher content of them. 
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S 3.5 Analysis Example for Quantitative Analysis 
(Multiple Regression Analysis.-, on page 54) 

-3.5.1 Calibration 

For performing quantitative analysis of 
constituent component, such as protein etc., by NIR 
spectrometry, it is necessary to prepare preliminarily 
a calibration equation to be used for calculating 
assessment value from the spectral data. Namely/ it is 
required to explain mathematically the correlation 
between the assessment value for constituent component 
and the spectral data using samples for which the 
content of the constituent component has been analyzed 
at as high accuracy by conventional chemical analysis. 
This work is called calibration. 



-3.5.2 Evaluation of the Calibration Equation (page 56) 

Usually, a plurality of multiple regrattion 
equations are prepared for calibration. For evaluating 
the observation accuracy for the multiple regression 
equation prepared, validation or prediction is 
performed using a set of samples for prediction which 
are different from the samples for preparing the 
calibration equation. 

§ 4 Technique for Data Processing (page 62) 

-4.1,1 Complexity of the Spectrum 

On a non-destructive analysis of food or 
agricaltural product by NIR spectrometry, a complexity 
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Of the spectrum is revealed, as contrasted to 
conventional "destructive spectrometry" using the 
medium infrared region. In a non-destructive 

spectrometric analysis, complicate fluctuation will 
enter in the spectrum due to variation in the 
elementary factors, such as the physical and chemical 
properties of the sample and the observation 
circumstances, in addition to the complexity of the 
spectrum structure. 

(1) Multicolinearity 

In general, a spectrum of a sample of a 
mult i component system includes overlapped absorbance 
spectral peaks, so that the spectrum includes at each 
wave length a plurality of informations in overlapped 
state. This means that an intensive correlation is 
present between the wave lengths constituting the 
-^p^^tr \m~ i>io rclr~a'^re 1 a t i on is called multicolinearity, 

(2) Non-linearity of Absorbance (on page 63) 

In near-infrared spectrometry for non- 
destructive analysis, so-called diffuse reflectance 
technique has in many cases been in practical 
application. Fig. 4.1 illustrates schematically the 
manner of passage of incidental light through particles 
of a powdery sample. The light after permeation 
through the particles wull provide absobance band 
intrinsic to the substance. In a transmission ray 
through a non-scattering sample a linear relationship 
as shown by the so-called Lambert-Beer's Law is present 
between the concentration of the constituent component 
and the absorbance. However, for diffuse reflectance 
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light, such a relationship cannot hold due to the 
mul tiscattering phenomenon. 

(3) Baseline Deviation and Multiplicative Fluctuation 

Also the scattering characteristic of the 
sample may have influence on the observed spectrum. In 
particular, powdery sample will be subject to 
fluctuation in the intensity and direction of the 
reflected and scattered light as shown in Fig. 4.1. 
Thus, the resulting spectrum is subjected to additive 
fluctuations in which the baseline level is fluctuated 
and to a multiplicative deviation over almost all the 
spectrum amplitude. Particle size and compact density 
of powdery samples and surface state and internal 
structure of solid samples are, in may cases, important 
factors for causing fluctuation of near-infrared 
spectrum. 

-4,1,2 Flow of Data Processing Operation (on page 64) 

It is necessary for picking up necessary 
informations from near-infrared spectra subject to 
complicate fluctuations due to the fluctuation factors, 
to perform a series of data processing by means of a 
computer. Typical data processing techniques are found 
installed in computers found in the market as standard 
sof tware. 

For applying NIR spectrometry to qualitative 
analysis of products, there may usually be incorporated 
three fundamental steps, namely, (1) calibration, (2) 
assessment of the accuracy of the calibration equation 
and (3) analytical work for unknown sample. 
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(1) Preliminary Treatment of Spectrum (on page 65) 

Before the calibration by means of a statistical 
technique, such as multiple regression analysis or the 
like, various pretreatments are incorporated usually in 
order to suppress fluctuations of the spectrum due to 
the fluctuation factors. Typical pretreatment includes 
Kubelka-Munk conversion, smoothing, differentiation, 
normalization and removal of multiplicative scattering 
factors (MSF) . 

(2) Calibration (om page 66) 

Calibration is a step for constructing ■ a 
mathematical correlation equation between the spectral 
data and the analysis values, namely, a model. The 
construction of the model is performed by means of a 
statistical technique using the spectral data for the 
samples for preparing the calibration equation which 
have been pretreated and .the analysis data. 

(3) Supplementary Analysis (omitted) 

(4) Assessment of Accuracy of the Calibration Equation 
(omitted) 

(5) Routine Analysis (omitted) 

5 4.2 Preliminary Treatment of Spectrum (on page 67) 

-4.2.1 Selection of Physical Quantity of Spectrum 
From the Kubelka-Munk ' s equation 

K(^ )/S(^ ) = 

2R(1 ) 

a correlation equation between the ratio of absorption 
coefficient relative to scattering coefficient and the 
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absobance is derived as fillows: 

K( )/S( 1 ) = cosh A ( i ) - 1 
The relationship between them is clearly non-linear as 
shown in Fig. 4.3. 

-4-2.2 Smoothing 

(1) Running-average, Moving-average (omitted) 

(2) Savitzky-Golay Method (omitted) 

-4-2,3 Differentiation (on page 70) 

In Figs. 4.4 and 4,5, illustrations of typical 
Gauss-type spactral peak and the 1st and/or the second 
order differentiation chart thereof are given. 
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